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RESULTS OF TESTS ON _E EFFECTS OF AEROEIASTICITY OF

_HE SPACE SHUTTLE ORBITER VERTICAL TAIL USING A

0.03-SCALEMODEL AMES

wnm (OAI26A,B C)

by

S. R. Houlihan

Rockwell International, Space Systems Group

ABSTRACT

This report presents data concerning wind tunnel tests of a 0.03-

scale space shuttle orbiter model (47-0) in the NASA Ames ii x ii, 9 x 7

and 8 x 7 foot legs of the Unitary Wind Tunnels.

The purpose of these tests was to determine the effect of aero-

elasticity of the orbiter vertical tail on the lateral directional

stability, rudder control characteristics and tail loads of the orbiter

vehicle. Testing was conducted from M = 0.6 to M = 3.5.

Three vertical tails were used. _ne first was a rigid tail mounted

on a 1 inch balance. This tail proved much too flexible during the

ll x ll foot test and was not used during subsequent tests. The second

tail was a pressure instrumented tall that was attached rigidly to the

balance block. This was used as a baseline rigid configuration. The

third tail was the elastic tall with an instrumented span to obtain loads.

Tail loads were not obtained during the ll x 11 and 9 x 7 foot tests

because of problems with this balance.

All data between M = 0.9 and M = 1.6 were not obtained during this
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ABSTRACT (Concluded)

test because of a failure of the ii x ii foot tunnel, but were subsequently

obtained in the AEDC 16 foot transonic tunnel. These are reported separate-

ly under test 0A129.
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IFI_OI_CTION

This report presents data obtained from wind tunnel tests of the

space shuttle orbiter model 47-0 (O.03-scale). Testing was conducted

from April 28, 1978 to May 16, 1978 in the ii x II foot tunnel at _ch

numbers of 0.6, 0.8 and 0.9. Testing in the 9 x 7 foot tunnel at Mach

numbers of 1.55, 2.0 and 2.5 was conducted from May 23, 1978 to May 31,

1978. The 8 x 7 foot tunnel test took place from December 8, 1978 to

December 21, 1978 at Mach numbers of 2.5, 3.0 and 3.5.

The purpose of these tests was to determine the effects of aero-

elasticity of the orbiter vertical tail on the lateral directional sta-

bility characteristics, the rudder control characteristics and the

vertical tail loads.

Three vertical tails were used to obtain these data. The original

rigid tail was mounted on a six-c_ponent balance and had hinge m_nent

beams on the four speed brake panels. At the conclusion of the subsonic

portion of the Ii x 11 foot test, it was determined that this tail was

much too flexlble to be used as a baseline rigid tail, so it was replaced

by the pressure tail which was mounted rigidly to the model backbone

and ha_ rigid attachments for the speed brake panels. The pressure

orifices in this tail were plugged to prevent flow at the tail surface.

This tail provided very good data on the orbiter main balance but was

incapable of measuring tail loads.

The third tall was the aeroelastic or flexible tail. This tail was

constructed w_th an aluminum spar covered by a special "zero_aodulus"



INTRODUCTION (Concluded)

silicon rubber covering to bring the mold line to the proper contour. The

spar was designed to have the same binding and torsion characteristics as

the orbiter vehicle 102. Extensive bending calibrations were made prior

to testing to insure that the bending distributions in the tail were cor-

rect. Bending displacement calibrations were conducted between the 9 x 7

and 8 x 7 tests. These confirmed proper aerodynamic shape during testing.

The tail was mounted rigidly to the model backbone but the lower end of

the spar was instrumented to measure shear load, bending and torsion. This

balance did not yield any usable data during the Ii x ii or 9 x 7 foot

tests because of a strain gauge problem. Data were obtained during the

8 x 7 foot portion of the test but their accuracy is suspect.

The remainder of the model was constructed of aluminum and steel and

was mounted on a 2.5-inch balance. A straight sting was used in the ii x ii

foot tunnel. The articulated sting was used in the 9 x 7 and 8 x 7 tunnels.

In the 8 x 7 foot tunnel, a 31° bent sting was used with the articulated

system because this test was run in conjunction with another program which

required very high angle of attack range.



NOMENCLATURE

PLOT

S"/M_OL MNEHONIC
m , i

A AF

_MV BNV

CA

CAc

CAF

CAn

CAv

CD

CDv

CKEO

CRIr

CAB

CABV

CAC

CAUV

CAV

CI,V

CD%', CDVR

CSEI

CHEO

C_LL

C_LR

axial force, orbiter main balance

axial force, vertical tall balance

flexible vertical tail bending moment

axial force coefficient, total orbiter

including base

orbiter base axial force coefficient

vertical tail balance base axial force

coefficient

adjusted sting cavity pressure axial force
coefficient

orbiter forebody axial force coefficient

uncorrected orbiter balance axial force

coefficient

uncorrected vertical tail balance axial
force coefficient

corrected vertical tail axial force coefficient

vertical tail llft coefficient

orbiter drag coefficient

vertical tail drag coefficient

inboard elevon hinge moment coefficient

outboard elevon hinge moment coefficient

lower left speed brake panel binge moment
coefficient

lower right speedbrake panel hinge moment
coefficient



CKSB 1

OSR

CEur

CL

C£ (BODY)

C_v (BODY)

CeBA

CPI-4

CP501, 502

ca (BODY)

Cav

%

M]_NO_IC

CHSBL

CKSBR

CHR

CL

CBL

CBLV, CBLVR,
CBLVF

CIX

C_, CLMVR

CLV

CN

,CNVR

0P_

CPI, 2, 3,

CPSOI, 502

CY

CYN

CYN_R, CYNV,
CYNVR

CYV, CYVF,
CYVR

D_Cm

left hand speed brake hinge moment coefficient

right hand speed brake hinge _ent coefficient

rudder hinge m_ent coefficient

upper left speed brake panel hinge moment

coefficient

upper right speed brake panel hinge moment
coefficient

orbiter lift coefficient

orbiter body axis rolling moment coefficient

vertical tall rolling moment coefficient

orbiter pitching moment coefficient

vertical tail pitching moment coefficient

vertical tail lift coefficient

orbiter normal force coefficient

vertical tail normal force coefficient

average orbiter base pressure coefficient

individual orbiter base pressure coefficients

individual vertical tail base pressure

coefficients

orbiter side force coefficient

orbiter yawing mmment coefficient, body axis

vertical tail yawing moment coefficient

vertical tail side force coefficient



PLOT

b-'IMBOL

C'_SB

HEX

HEO

-- ,&..A.

Wlr

Hul

w,=.

MV1

MVE

lqv3

N

s,.

m

q

J

lv

Y

MF_CIIC

C_SB

H_

HEO

fiT.T--

HLR

HUL

HUR

T./D

MY1

I'M

_,Q(PSF)

S7

S_

TV

NCMEICLATURE (Continued)

speed brake hinge moment

inboard elevon hinge moment

outboard elevon hinge moment

l_ver right speed brake psmel hinge _ent

upper left speed brake panel hinge _ent

upper _gbt speed brake panel hinge a_ent

orbiter lift to drag ratio

flexible vertical tail upper bending moment
gauge output

flexible vertical tail lover bending moment
gauge output

flexible vertical tail tox_ion gauge output

orbiter normal force

vertical tail normal force

orbiter pitching maaent

vertical tail pitching ncBent

l_reestream _aamie pressure

orbiter rolling _ent

vertical tail rolS.lng mount

orbiter side force

vertical tail side force

flexible vertical tail torsion

i0



NOMENCLATURE (Continued)

PLOT

SYMBOL

XCp

XCP v

X !

n

nv

ZCP v

Z !

B

6El

_EO

_R

_SB

_BF

ACy

CONF

MNEMONIC

SCP

XCPV,SCPVR

SCPVF

YM

YMV

ZCPV,ZCPVR
ZCPVF

ALPHA

BETA

DEI

DEO

DR, RUDDER

DSB, SPDBRK

DBF, BDFLAP

DCY

CONF

DEFINITION

longitudinal location of the orbiter center of

pressure in percent of body length

longitudinal location of the vertical tail

center of pressure in inches full scale from the

nose IML

distance from vertical tail spar base center]ine

to shear force center

orbiter yawing moment

vertical tail yawing moment

vertical location of vertical tail center of

pressure in inches full scale from zero water-

plane

distance from vertical tail spar base to shear

force center, measured parallel to vertical

tail spar base centerline

orbiter angle of attack

orbiter angle of sideslip

inboard elevon deflection angle

outboard elevon deflection angle

rudder deflection angle

speed brake deflection angle

body flap deflection angle

side force incremental difference between

measured coefficient data minus data values at

-CY_=oB = 0, DCY = CyB=B

configuration, numbers I through I0

11



NOMENCLATURE(Continued)

PLOT
SYMBOL

Cn(BODY)

AC_(BODY)

Cy_

Cns(BODY)

C£8(BODY)

CY_r

Cn6 (BODY)
r

C£6r(BODY)

RN/L

MNEMONIC

DCYN

DCBL

DCY/DB

DCYNDB

DCBLDB

DCY/DR

DCYNDR

DCBLDR

R_/e

DEFINITION

yawing moment incremental difference between

measured coefficient data minus data values at

B = O, DCYN = Cn8=8 - Cn_=0

rolling moment incremental difference between

measured coefficient data minus data values at

B _ 0, DCBL - C£B=B - C£8=0

side force coefficient derivative with respect

to beta calculated from two methods, for alpha

sweep data incremental differences between mea-

sured data values used, for beta sweep data

slopes of the measured data within 8 = +2.5 °

were used

yawing moment coefficient derivative with respect

to beta calculated from two methods, for alpha

sweep data incremental differences between

measured data values used, for beta sweep data

slopes of the measured data within 8=±2.5 °

were used

rolling moment coefficient derivative with respect

to beta calculated from two methods, for alpha

sweep data incremental differences between mea-

sured data values used, for beta sweep data

slopes of the measured data within 8=±2.5 ° were

used

side force coefficient derivative with respect

to actual rudder deflection calculated using in-

cremental data

yawing moment coefficient derivative with respect

to actual rudder deflection calculated using in-

cremental data

rolling moment coefficient derivative with

respect to actual rudder deflection calculated

using incremental data

unit Reynolds number, million per foot

12



NOMENCLATURE(Continued)

PLOT
SYMBOL

8v

_v

6SBuL

_SBLL

_SBuR

_SBLR

6ERI

6ER@

_ELI

6EL_

CABVR

M

Pt

P

Tt

MNEMONIC

BETAV

ALPHAV

LAMDAV

BIASSI

BIASS2

BIASRM

DSBUL

DSBLL

DSBUR

DSBLR

ELV-RI

ELV-R_

ELV-LI

ELV-L_

CABVR

MACH

PT

P

TT

DEFINITION

vertical tail angle of sideslip, degrees

vertical tail angle of attack, degrees

sweep angle of vertical tail, degrees

pound output of gages corrected for bias -

side force

pound output of gages corrected for bias -

side force

pound output of gages corrected for bias -

rolling moment

upper left speed brake deflection, degrees

lower left speed brake deflection, degrees

upper right speed brake deflection, degrees

lower right speed brake deflection, degrees

right inboard elevon deflection, degrees

right outboard elevon deflection, degrees

left inboard elevon deflection, degrees

left outboard elevon deflection, degrees

vertical tail balance base axial force coeffi-

cient

Mach number, v/a

tunnel stagnation pressure, psfa

tunnel static pressure, psfa

tunnel stagnation temperature, °F

13



REMARKS

The 0A126test program was successful in obtaining incremental data

from the orbiter main balance. The differences in the lateral directional

stability coefficients due to aeroelasticity of the vertical tail were

determined by running the rigid tail and the flexible tail at the same

conditions wherever possible. Becausethe force tail with balance was used

these data did not represent rigid conditions because of the flexibility

of the tail, the data book values were used as a rigid baseline for this

portion of the program. One configuration at rudder angle of zero and

speed brake angle of 25° using the pressure tail was run in the ii x Ii

foot tunnel. Thesedata matched the basis for using the data book for the

rest of the data.

In order to obtain loads on the vertical tail, the load on either the

rigid or flexible tail and the increment between them on the orbiter main

balance are required. Because the force tail proved too flexible to obtain

good data (either loads or increments), that left only the flexible tail

to obtain tail loads. The base of the spar on the flexible tail was

instrumented with strain gauges to measure shear, bending and torsion.

One of the bending gauges was applied incorrectly initially and caused

very large interactions when a drag load was applied. This prevented

any of the data from the ii x II or 9 x 7 test from being usable. The

beamwas reinstrumented and a drag momentgauge added prior to the 8 x 7

test. The balance then worked muchbetter but was still not very

14



REMARKS(Concluded)

accurate. The tail data from the 8 x 7 foot test should be considered to

have an accuracy band of ±10%.

The ii x ii foot tunnel experienced a problem with the nozzle walls

fluttering at M = i.i during the OAI26Atest program. This occurred only

once with the model in the tunnel and the intense low frequency vibration

caused someminor damageto the model. Becauseof this problem limited

supersonic data were obtained and the test was concluded with only subsonic

data. The supersonic portion of the test (from M = 0.9 to 1.4) was con-

ducted at AEDCin the 16 foot transonic propulsion tunnel in June and July,

1978. This test was called OA129and is reported under separate cover.

During the 8 x 7 foot tunnel program, there was a problem with the

Beckmanthat affected the first 98 runs. The cables between the Newports

and the Beckmanwere unshielded and were building up a capacitance. When

a data point was taken, this capacitance resulted in a reading of up to

30 counts that decayed to zero in about 1/2 second. Data were collected

immediately, however, resulting in a randomerror of up to 30 counts.

This resulted in errors of up to 3 pounds on each individual gauge reading

and in errors of approximately 0.1% of the coefficients when loads were

high; however, these errors were as muchas 50%when loads were very low.

These data were not rerun because of the small effect on the majority of

the data.

15



CONFIGURATIONSINVESTIGATED

The test article provided was a 0.03-scale representation of the space

shuttle orbiter vehicle. The 47-0 model was originally designed to the -140

orbiter lines. However, continued updates have been madeso that the model

is representative of the OVI02 orbiter vehicle. The wing has been updated

to the 14414.1 C/C trajectory numerical control lines.

The spacecraft was of the blended wing-body d_Rign wlth a do_,b1_ delta

(81o/45 ° LE) wing planform, 12% thick with full span elevons which had a 6-

inch interpanel gap between the independent inner and outer panels. A single

centerline vertical tall with split rudder/speed brake combination is mount-

ed between two OMS pods. A single body flap was mounted on the aft end of

the lower fuselage surface. Uncovered RCS thruster ports were simulated near

the nose. SSME nozzles were partially simulated. A 3-inch diameter hole was

bored through the SSME nozzles and the model base on the orbiter centerline

at Zo = 11.70 to clear the mounting sting.

All three vertical tails used were of the same lines. The rubber

covered flexible tail was cast in a mold made from the force tail. The con-

figurations descriptions for test OAI26A are listed below:

CONF. RUNS TAlL/BALANCE MACH Q(PSF) _S___BB SR

i 38-82 6-DOF TAlL BAL .6,.8,.9,1.1, 450,900 25 0

1.2,1.4

2 86-112 6-DOF TAlL BAL .6,.8,.9 450,900 25 -i0

3 115-129 6-DOF TAlL BAL .6,.8,.9 900 55 0

4 134-148 6-DOF TAlL BAL .6,.8,.9 900 55 -I0

5 152-198 RUBBER TAlL .6,.8,.9 450,700,900 25 0

6 200-244 RUBBER TAlL .6,.8,.9 450,700,900 25 +i0

7 251-295 RUBBER TAlL .6,.8,.9 450,700,900 55 0

8 299-345 RUBBER TAlL .6,.8,.9 450,700,900 55 +i0

9 348-357 DUMMY TAlL BAL. .6,.9 450,900 25 0

l0 359-368 PRESSURE TAlL .6,.9 450 25 0

16



INSTRUMENTATION

The orbiter was sting mountedon a 2.5-inch diameter six-component

balance. In the ii x ii and 9 x 7 tests the Task 2.5-inch balance was used.

In the 8 x 7 test the Task 2.5-1nch MKXI was used. The balance moment

center was located at Xo = 32.471, Yo = 0 and Zo = 11.7.

The force vertical tall was mounted on a 1-inch diameter component

Lockheed balance (#10033). This balance moment center was at X o = 40.219,

Yo = 0, and Zo = 14.438.

The flexible tail spar was instrumented with bending, shear and torsion

gauges. This balance center was at Xo = 42.040, Yo = 0 and Zo = 15.00.

Base pressures were measured by individual model mounted transducers

during the ii x ii and 9 x 7 tests. No pressures were measured during the

8 x 7 test.

The inboard and outboard right-hand elevons were instrumented to

measure hinge moments. These measurements were not performed in the 8 x 7.

17
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DATA REDLETICI

The model force and moment data were reduced to coefflelent form in

the body and stability axis. Moment data were reduced about a moment

center eorrespondl_ to .65 LB at W.L. 375 (N.S. 32.301 and W.L, Ii.25).

Model angle of attack and sideslip were corrected for sti_ and

balance deflections and flow angry, as req_tred.

Om Line data were presented in two formats depending on the vertical

tall =¢mf_6_ratlon. _he 1_ms/ni_ data _ere computed Off iing and contain

all the desired data.

The followlDg are the data reduction equations used on this test.*

Orbiter Force and Naaent Coefficients

Compute the bod_ axis coefficients

CA - A_
m

_Y
C_ m ----

qSw L_ LHF IaZF

CYN =, qSw_BREF ) -

CBL

Compute Stabtlit T Axis Coefficients

CL = CI[ cos= - CA sin=

CD = C_ sin= + CA cos=

19



DATA REIXETION (Continued)

Center of Pressure and Lift/DraK Ratio

Compute the C.F. location in percent of body length

Compute lift to dra_ ratio

L/D- c_L
CD

Vertical Tall Coefficients

Vertical tail coefficients on the flexible vertical were obtained by

computing the loads at the balance center fr_ the shear, bending and

torsion gauges and then transferring them to the orbiter reference center.

CIV = SF_m

q_

CYNV " XMV

CBLV = RMV
q_ (rim,)

Vertical tail center of pressure in full scale orbiter coordinates
!

xcPv - cy_v_,_
(CYV) .03 + 1076.7

c_Lv (_) + 375.0
zcPv - (_v) .03

The dimensions and constants used for this test are as follows=

Constant Value Definition

28. i00_ in. orbiter reference wi_ =pan

CZ 2.721 in. elevon reference chord

2O



DATA REDUCTIC_ (Concluded)

Constant

LB

LREF

SE

SV

SW

XT

XMP

ZT

Value

0.690 in.

38.709 in.

14.2_3 in.

it?

0.37193_2.

z._1o rtz.

.168 in.

25.16085in.

0.450 in.

Definition

distance between flexible vertical

tail bending gauges

orbiter length, ref.

orbiter wing reference chord

elevon reference area

vertical tail reference area

orbiter wing reference area

distance fr_ the main balance
center to the orbiter reference

center parallel to the FRP

distance frca IML nose to orbiter
reference center

distance _ the main balance

center to the orbiter reference

center perpendicular to the F_P

21



SEFE_E8

.Orbiter-Lines and Configuration Control Dr_winKs

VLTO-OOOI_OA, Orbiter Configuration Control I_wlng MCR 0200 _eline.

VLTO-OOOIO4B, Orbiter Configuration Control Drawing MCR 0_OO Baseline, R3,
July 2, 1973.

VLTO-O00143A, Lines Control, Vehicle 4 Forward Body - Cabin - Canopy
MCR 0200 Baseline.

VLTO-000200, Lines Control, Mi_body - Wing - Boot Fairing MCR 0200
Baseline, R3, July 2, 1973.

VL70-0OO145, Lines Control - Aft Body - XCR 020OR1 Baseline (Exclude
Pods).

VLTO-OOOI_6A, Lines Control (Vehicle 4) Vertical Tail MCR 0200 Baseline.

VLTO-O0002, Design Geometry - Orbiter.

VLTO_IA, General Arrangement - Aft Pod, Low Profile Tandem; i000
F_S MCR 0651 (2rid issue RCS Pods only).

VL70-008410, General Arrangement - APS Pod, Low Profile (Study - April 17,
1974).

VL70-OO8296, Fvd. + Z _rusters (Installation Layout 11-13-74).

VL70-008501, Ywd. Yaw and Down FiriDg Thruster _ement, Inner ML
Penetration Study, 3-10-75.

VL70-008501, Fwd. Module TCS-X Firing Thrusters with Nossles, Penetration
throu6h _S, 3-i0-78.

Model Drawi_s

SS-AOI301, Body Flap, O.03-Scale Model 57-0TS Task 28.

SS-A01157, Instr. Body Flap Assy. and Details O.03-Scale Model (I_OB).

SS-AO0126, Assy. and Details - Vertical Stab., Model (I_TB Lines) 0.03-
Scale.

SS-A01154, Vertical Stab. Asay. - 0.03-Scale SSV Orbiter, Panel Loads
Model 47-0.

22



(Cone luded)

Model Drawings (Continued)
,|

SS-AOII56, Xinge Beam Assy., Rudder O.03-Scale SS¥ Orbiter Panel Loads.

SS-AOI_, Wing Assys. - O.03-Sc&le - _7-O Model.

SS-AOISOI, Modif. O.03-Scale SSV, _7-0 Model, 0A155 (Langley) Teat.

IA-73-589, Structural Analysis of the O.03-Scale SS¥ I_unch Configuration

Pre.,mre - Loa_ Model (47-OTS)

Letters

19_t'r,

SASI_I_-537,

"Orbiter Aeroelaatic Sensitivity Evaluation," August 4,

"Test Requirements for OA126 Series of Wi_ Tuanel

Testa," October 20, 19_.

October 21, 1977.

"Aeroelastie Orbiter Vertieal Design Information,

SaS/Aml)/?8-0_8, "Revi.lon _o (_Le6 Test Req___ent,," J, muA_Z, zg, Z978.

SAS_dTO/77-167, "Model Requirements for Test OAI26A, B, C," December 15,

zgr_ ,Jm _de:aa #z _ _.

SAS/WT0/76-136, "Test (_t1260 Model Requirmentm," October 9, 1978.

SAS/AER0/78-_74,"ModelRequlrementsfor Wl.d Tun.ei Te.t 0AI_6C,"
September 28, 1978.

SAS/AERO/78-_71,"OrbiterVerticalTail StructarslCaLibrationRequlre-
merits," September 22, 19_8.

SAS/AER0/78-_90, "Pretest Twist Meas_nts on Rebber-Covered Flexible

Vertie&l Tailp" October 6, 1978.

SAS/AER0/78-475, "Flexible Strain Gauge Calibration," October 4, 1978.

SAS/WTO/78-125, "Balance Miaimum Size for Test 0A126C," September 13,

1978•
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TEST : OALe6A

T_ I.

]
TEST CONDITIONS

DATE : May 1978

MACHNUMBER

.6

.6

.6

.8

.8

.8

.9

,9

-9

REYNOLDSNUMBER

(per foot: )

3.74 x 1o6

5.77 x 106

7.31.x lO6

5.70 x 106

2,78 x 1.06

4,22 x 10 6

5, IK) X 1.O6

DYNAMIC PRESSURE

(pounds/sq._. )

450

9co

900

STAGNATIONTEMPERATURE

_,5o

7oo

900

(degrees Fahrenheit)

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

2.5" TASK MKXVA

CAPACITY:

2000 each/IT00 each

i000 each/ 700 ee_h

800 /1ooo

ACCURACY:
COEFFICIENT
TOLERANCE:

2ooo i.-1.b,/2oooi.-ibs

COMMENTS:

24
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T33LEI. (Continued)

TEST : oA_6_ I
TEST CONDITIONS

DATE : May 1978

MACHNUMBER

z.55

z.55

1.55

2.00

2.00

2.00

2.70

2.50

2.50

REYNOLDSNUMBER

(per foot )

_.o8 x lO6

3,21 X 106

_._ x 106

DYNAMICPRESSURE

(pounds/sq. it,), ,

3oo

6oo

9oo
3oo

6oo

90O

3oo
6oo

STAGNATIONTEMPERATURI

(degeesFahrenheit)

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

2.5" TASK ]_[I'VA

CAPACITY:

2000 each/I70o each

i000 each/ 700 each

/ oo

ACCURACY:
COEFFICIENT
TOLERANCE:

COMMENTS:

25



TEST : i
TEST CONDITIONS

DATL_.T_.,Dec. i978

MACHNUMBER

_ 2=qtl

Z.pO

, _.50

I t'%_
di_Y

3.00

3.50

3.70

REYNOLOSNUMBER

(per foot)

2._. zo6

0 "7'0 .w q/_6
_fl_ _ _.

3.51 x 106

2._5 x zo6
_.8_, x m 6

DYNAMICPRESSURE

(pounds/_..qP,,.,_
i

_50

.too

]klKt_
-_d_,v

67o

)po

_o

STAGNATIONTEMPERATURE

, (deveesFahrenheit)

BALANCEUTILIZED: z4!' _ mxz

CAPACITY: ACCURACY:

NF _ ,,_

AF
PM r

RM _..;_J_.._u_?O(X) _.ZLT_I_B--.._._

YM

COEFFICIENT
TOLERANCE:

i

COMMENTS:

26
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ii

_eLo ÷ _eLi

8eL = 2

8e R = 8eR O + 8eRi
2

8e = 8eL, ÷ 8e R

2

8e L - 8e R

?_

\

Positive
Deflection of

Rudder, 8r

Elevon, 8e

Right, 8e R

Left,

Aileron, 8a

Angle

+.B , -_,

-a , -0

Aero Forces.
and _loments

+Cy , -C n

-C m

Hinge
Moment

-Ch r

-Ch e

-CheR-_ -cf

_eL +q_ +Cl "Che L

÷_ +cl

Body Flap, 8bf -a , -O -C m -Chbf

b. C_ntrol Sure Deflectl_s

1_ i. C_tiaued.
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RUDDER A_ SPEF/) BFAKE DEFLECTIONS

(PARALLEU_ '19 THE FRL)

\
ELEVON DEFLECTIONS

PAF_LT/_L TO T_E L_L

Maximum Def]cctlons

Vehicle

22.8

87.2

-351+2o

-n.7/+22.5

T£" sj_ _-

BODY FLAP DE_ECTIONS

xo - 1532

Zo . 287.o

c. Definition of A_ Measurement6

Figure i. Concluded.
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cover plate

\ \

, \ \

/

_hinge pin

ball bearing hinge

( 2/p_el )

Note: Lower hinge pin is behind beam in this

view and is not shown for clarity /

Panel shown is upper right hand, one of _he
four total

ection bracket and

screws ( 3 )
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APPENDIX

TABULATED SOURCE DATA

(VOLUME 3 - OAI26B/C TABS)

TEST PAGES

OAI26B 1-544

OA126C 1-269

Tabulations of plotted data are available on request from Data Management

Services.
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